A study of fluid dynamics of gaseous nuclear rockets  Quarterly progress report, 1 Jul. - 30 Sep. 1968 by Lewellen, W. S.
SECGNJ QUARTEPLY PROGWSS l?EPOZT ON 
NSK 22-009-288 
7,- L g &i.K 7 - 3 4  - 6 J 
A Study of F lu id  Dynamics of Gaseous Nuclear 
A comprehensive review of t h e  state of knowledge of vor tex  flows 
- \  and how such flows may o r  may not be used for f l u i d  dynamic containment 
of a gaseous nuclear f u e l  has Seen continued. Vork t h i s  p a s t  qua r t e r  
h a s  concentrated on empirical  c o r r e l a t i o n s  of experimental d a t a  a v a i l a b l e  
i n  the l i t e r a t u r e .  This work has been repor ted  i n  Ref. (1) and only t h e  
N p r i n c i p a l  r e s u l t s  obtained i n  i t  w i l l  be summarized here in .  
Vortex experiments run a t  high Reynolds numbers t y p i c a l l y  have some di 
(7.3 
a tu rbulence  assoc ia ted  wi th  them. This in t roduces  an  unce r t a in ty  i n t o  
t h e  flow that cannot be removed by completely t h e o r e t i c a l  means without 
some advances i n  t h e  present  knowledge of t h e  b a s i c  phenomena of turbulence.  
It is t he re fo re  c u r r e n t l y  necessary t o  r e l y  on sone empir ica l  information 
i n  any attempt t o  p r e d i c t  vor tex  flow p a t t e r n s  wi th  high Reynolds numbers. 
One method of approach is t o  compare a laminar flow theory which 
U s 
i nc ludes  as many important features of t h e  flow as poss ib l e  with experi- 
menta l ly  obtained v e l o c i t y  p r o f i l e s .  The d i f f e r e n c e s  between theory and 
u)9 mod Mlll3Vd 
experiment are then used t o  i n f e r  a d i f f e r e n c e  between t h e  e f f e c t i v e  
t u r b u l e n t  eddy v i s c o s i t y  and t h e  l a u i n a r  v i s c o s i t y .  The laminar flow 
theo ry  chosen i n  Ref. (1) f o r  use i n  t h i s  conparison is that by 
Rosenzweig, Lewellen and Ross(2). Figure (1) shows a comparison of t h e  
r e s u l t s  of t h i s  theory with an  experimental v e l o c i t y  p r o f i l e  obtained by 
Tra~ers '~)  under w h a t  h e  believed t o  be 1ai::nar flow condi t ions .  The 
agreement, a l though not  p e r f e c i ,  a p w a r s  30 be q u i t e  s a t i s f a c t o r y .  
is concluded t h a t  t h e  theory is adequate t o  p r e d i c t  a completely laminar 
It 
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flow and thus  i t  is reasonable t o  a t t r i b u t e  d i f f e rences  between theory 
and experiment t o  turbulence i n  the case  of high Reynolds number experi-  
ments. 
* 
The r a t i o  of e f f e c t i v e  eddy v i s c o s i t y  p t o  a c t u a l  laminar v i s c o s i t y  JJ, 
which w a s  deduced i n  the  manner described i n  t h e  preceding paragraph is  
p l o t t e d  i n  Fig. (2) f o r  d a t a  ava i l ab le  i n  the  bibliography given i n  Ref. 
(4). 
(") 'I2 (D/L)o'28 where R e  is t h e  Reynolds number based t h e  parameter Re t ;  
on t angen t i a l  ve loc i ty  and t h e  radius  at t h e  o u t s i d e  of the  vor tex ;  u/v 
The da ta  appear t o  c o r r e l a t e  reasonably w e l l  when p lo t t ed  aga ins t  
t 
is  t h e  r a t i o  of r a d i a l  to  t angen t i a l  v e l o c i t y  a t  t h e  ou te r  r ad ius  of t he  
vortex;  and D/L is the  diameter-to-length r a t i o  of t h e  vor tex  chamber. 
The exponents i n  t h i s  parameter were chosen to  o b t a i n  t h e  b e s t  poss ib le  
least squares  f i t  to  a l l  t he  data.  
i n  t h e  Table i n  Appendix A. 
The key t o  t h e  d a t a  poin ts  is given 
This t a b l e  a l s o  inc ludes  information on o the r  
experiments no t  included on Fig.  (2) due to  a l ack  of  s u f f i c i e n t  information. 
Figure (2),  perhaps, over-emphasizes t h e  role o f  turbulence i n  de te r -  
mining the  v e l o c i t y  d i s t r i b u t i o n  i n  a vortex.  
of 1.1 /p r e s u l t  from r a t h e r  s m a l l  d i f f e rences  between laminar theory and 
I n  some cases l a r g e  values  
* 
experiment. Figure (3) shows a p l o t  of t h e  c i r c u l a t i o n  a t  t h e  edge of t h e  
exhaust rad ius  as a func t ion  of a boundary-layer i n t e r a c t i o n  parameter. 
The s o l i d  l i n e  is  t h e  t h e o r e t i c a l  curve obtained as the  r a d i a l  Reynolds 
number based on r a d i a l  mass flow becomes very large. 
f a r e d  i n  t o  f i t  t h e  da t a .  The d i f f e rence  between t h e  two l i n e s  is 
The dashed l i n e  is 
assumed t o  be caused by turbulence,  although p a r t  o f  t h i s  d i f f e rence  
could a c t u a l l y  be caused by approximations used i n  the  boundary-layer 
theory  used to  generate  t h e  s o l i d  l i n e .  
probably provides as good an estimate of re/r 
The d i r e c t  use of Fig. (3) 





does t h e  more e l abora t e  procedure of es t imat ing  p 
using t h i s  i n  t h e  laminar theory of R e f .  (2 ) .  
The empir ica l  c o r r e l a t i o n s  of t h e  p a s t  q u a r t e r  have been aimed a t  
from Fig. (2) and 
providing t h e  information required t o  p r e d i c t  t h e  flow p a t t e r n  i n  any 
given vo r t ex  tube. This e f f o r t  w i l l  be continued, s ince  t h e  degree t o  
which one can do t h i s  forms an e s s e n t i a l  part of a comprehensive review 
of t h e  state of knobledge of vortex flows. 
lii. S. Lewellen 
Pro j ec t Supervisor 
September 30, 1968 
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7. 
Experimental Curve 
Theore t ica l  Curve 
Velocity used to begin Second I t e r a t i o n  
De t c-mi i ned from F i r  s t It er a t  ion  
c 
Figure 1. Tangential Velocity Profilc? Showing f::cpcrir!:cntal Curve 2nd 
Tlieoret.icrtl Curve Based on Countlary-Layer Intcr ,?ct ion Theory. 
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Figure  2.The Var ia t ion  of t h e  Ratio of L m i n n r  R e d i a l  Reynolds t o  E f fec t ive  
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9. 
Figure 3 .  The Var i a t ion  of t h e  Ra t io  of t h e  C i r c u l a t i o n  rt t h e  Exit t o  t h e  
r C i r c u l a t i o n ' a t  - r0 =, .8 wi th  A \ I  - s) 
- Rer+c;Otheory (Ref. 2)  
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APPENDIX A 
. DATA TABULA'L'ION 
, 
. .  Data used i n  t h i s  a n a l y s i s  were obtained through a l i t e r a t u r e  
sea rch  from twenty-four t echn ica l  r epor t s .  
i n  the form of  nondirnenslonal p a r m e t e r s  ob ta ined  through t h e  u s e  of  t h e  
These results are t abu la t ed  
d a t a  reduct ion  procedure descr ibed i n  Appendix A. 
A few conmaits regard ing  t h e  explana t ion  of t l i i s  t a b l e  are i n  
order .  
The r e fe rence  from which t h e  data  were obta ined ,  t h e  symbol re- 
p r e s e n t i n g  t h e  d a t a  on  the  figures , dimensionless parameters , are 
l i s t e d  reading  from l e f t  t o  r igh t .  . /  
Some of tKe parameters  from va r ious  re ferences  could not  be 
. determined due t o  lack of s u f f i c i e n t  information,  for example t h e  area 
ra t io  from Reference 12, This is ind ica t ed  on t h e  c h a r t  by t h e  le t ters  
"NA" neaning n o t  a v a i l a b l e .  
, determined before  t h e  r a d i u s  . The c i r c u l a t i o n  ra t io ,  - 
r . 8  
c o r r e c t i o n  (see Appendix A) was made. 
re 
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- .  
a The r a t i o  of s p e c i f i c  heats, y ,  f o r  thk f i r s t  3 po in t s  from Ref. 2 
is 1.67 (hellurn) and f o r  ;he l a s t  3 p o i n t s  1.4 (ni t rogen) .  The 
r a t i o  of s p e c i f i c  hea t s  for  R e f .  39 is 1.67 (hclium). Thc o t h e r  
r e p o r t s  (i.e. Refs. lS, 16, 20) used water as the  work.ing f l u i d  
f o r  which t h e  ratio of s p e c i f i c  h e a t s  is defined as one. 
l 
In t h e s e  r e p o r t s  a per iphe ra l  bypass was employed which recioved 
p a r t  of t h e  flow from the vortex charuber during the  experiments.  
The value of * is, t he re fo re ,  i n  qucst ioi i .  A 
*re 
The vortex chamber gcoinetry used i n  t h i s  r epor t  M R S  unusual i n  t h a t  
it hzd a maximum rad ius  of r . =  1.875 inches  (used  h e r e  as ro) at 
its c e n t e r  and then tapered s l i g h t l y  t o - ~ a r d  both ends. 
Even t1:oug'n t h e r e  were insuf f ic ien t :  d a t a  i n  these r e p o r t s  t o  apply 
t h e  theory of R e f .  2 (i..e. except f o r  t h e  f i r s t  en t ry  under -Xef. 
2 4 )  t h e s e  p o i n t s  a r e  included because the boundary layer  cor rec t io i l  
f a c t o r  is of an o rde r  of magnitude m a l 1  enough such t h a t  resul ts  
obta ined  h e r e  w i l l  not be a f f ec t ed .  
d 
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